Objective: Denmark was an area of iodine deficiency, and mandatory iodine fortification of table salt and salt in bread (13 p.p.m. iodine) was initiated in 2000/2001. The Danish investigation on iodine intake and thyroid disease (DanThyr) is the monitoring of the iodine fortification program. Design and methods: DanThyr consists of three main parts: a study of population cohorts initialized before (nZ4649) and after (nZ3570) iodization of salt, a prospective identification of incident cases of overt hyper-and hypothyroidism in a population of around 550 000 people since 1997, and compilation of data from the national registers on the use of thyroid medication, thyroid surgery, and radioiodine therapy. Studies were carried-out in parallel in subcohorts living in areas with differences in iodine content of ground water. Results: The study showed profound effects of even small differences in iodine intake level on the prevalence of goiter, nodules, and thyroid dysfunction. Mild and moderate iodine deficiency was associated with a decrease in serum TSH with age. Other environmental factors were also important for goiter development (increase in risk, smoking and pregnancy; decrease in risk, oral contraception and alcohol consumption), and the individual risk depended on the genetic background. Environmental factors had only a minor influence on the prevalence of thyroid autoantibodies in the population. There were more cases of overt hypothyroidism in mild than in moderate iodine deficiency caused by a 53% higher incidence of spontaneous (presumably autoimmune) hypothyroidism. On the other hand, there were 49% more cases of overt hyperthyroidism in the area with moderate iodine deficiency. The cautious iodine fortification program, aiming at an average increase in iodine intake of 50 mg/day has been associated with a 50% increase in incidence of hyperthyroidism in the area with the most severe iodine deficiency. The incidence is expected to decrease in the future, but there may be more cases of Graves' hyperthyroidism in young people. Conclusion: A number of environmental factors influence the epidemiology of thyroid disorders, and even relatively small abnormalities and differences in the level of iodine intake of a population have profound effects on the occurrence of thyroid abnormalities. Monitoring and adjustment of iodine intake in the population is an important part of preventive medicine.
Until recently, the iodine intake of many European populations including the Danish (1) was below the level recommended by the international organizations (2) . In Denmark, the low iodine intake was associated with signs of insufficient thyroid hormone production in pregnant women, who showed an increase in serum thyroid-stimulating hormone (TSH) in late pregnancy (3) , and a very frequent occurrence of goiter and hyperthyroidism in elderly people caused by autonomous thyroid nodules (4) . To rectify this deficiency of iodine, the Danish Food and Veterinary Administration introduced a voluntary program of universal salt iodization. As this turned out to be ineffective, it was subsequently replaced by a mandatory program of iodine fortification of household salt and salt in bread produced in Denmark (5) .
It has been part of Danish nutrition policies that fortification of food with vitamins or minerals should be accompanied by a program of monitoring. Moreover, monitoring of iodine intake is specifically recommended by the World Health Organization (2) . Iodine interferes with thyroid function and thyroid diseases in many ways. Even if there is consensus on the importance of avoiding iodine deficiency, there are many unanswered questions concerning optimal iodine fortification of food, and optimal iodine nutrition of a population (6) .
In Denmark, it was decided to develop a program of monitoring iodine intake and thyroid diseases that could secure optimal iodine nutrition of the Danish population. The program was designed to improve knowledge on a number of issues such as: how to evaluate iodine status of a population, the epidemiology of thyroid disorders in areas with different levels of iodine intake, and the effects of an increase in iodine intake. An additional aim was to clarify the role of various environmental factors for the development of thyroid disease in the population, and to study how these factors may interact with iodine intake. The steering group organizing the program comprised Peter Laurberg, Torben Jørgensen, Hans Perrild, and Lars Ovesen. Nils Knudsen, Inge Bü low Pedersen, and Lone B Rasmussen were initially involved in different parts of the program as PhD students and are now senior participants, whereas Allan Carlé and Pernille Vejbjerg are young investigators doing their PhDs within the program.
Recently, large programs of iodine fortification of salt have been introduced in many parts of the world in an impressive effort to eradicate developmental brain damage caused by iodine deficiency. We hoped that a systematic study designed in cooperation between experts on thyroidology and iodine, nutrition and food fortification, and epidemiology and disease prevention might lead to knowledge, which could assist in optimizing the iodine fortification programs that now cover billions of people in the world. This article summarizes the present status and some perspectives of this monitoring program, which was entitled the Danish investigation on iodine intake and thyroid disease (DanThyr). Figure 1 illustrates the timing of changes in salt iodination in Denmark and the major parts of the accompanying DanThyr program. Before 1998, iodized salt could not be purchased in Denmark. Legislation requested a special permission to sell fortified food in Denmark, and no license to sell iodized salt had been given. Starting from June 1998, a program of voluntary use of iodized salt was launched by the Danish Food and Veterinary Administration in cooperation with salt manufactures and the food industry. The public was informed in several ways about the state of iodine deficiency in Denmark and the beneficial effects of using iodized salt.
Iodine fortification of salt in Denmark
The target of the program was to increase the iodine intake of the average Dane by around 50 mg/day, and it was expected that 80% of household salt and salt used by the food industry would be iodized. This corresponds to an average intake of iodized salt around 6-7 g/day, and the amount of iodide added to salt was, therefore, set to 8 p.p.m. After 2 years, it turned out that the program had failed. Only around half of household salt and practically no salt used by the food industry were iodized. The estimated increase in daily iodine intake was well below 10 mg. Therefore, a mandatory program was introduced during the period July 2000-April 2001. Household salt and salt used for commercial production of bread were to be iodized. The intake of iodized salt by this program was estimated to be around 4 g/day, and the iodization level was set to 13 p.p.m. Bread is a staple food in Denmark, and simulation studies performed by the Danish Food and Veterinary Administration based on Danish food surveys had shown that iodized salt in bread would distribute the iodine nearly as evenly in the population as iodization of all salt used by the food industry.
The monitoring program
The DanThyr program consists of three main parts, all of which were started well before the iodization of salt so as to include a control period (Fig. 1) . The cohort study (C1, nZ4649) took place in and around the city of Aalborg in Jutland, and in Copenhagen on Zealand (Fig. 2) . The two geographical regions cover the main difference in levels of iodine intake in Denmark caused by different levels of iodine in ground water (7) . Details on the random selection of cohorts from the population, participation rates, and analysis of potential bias caused by non-participation have been published (8) .
We chose to investigate women in four age intervals (young women, 18-22 years; women in the main reproductive age, 25-30 years; pre-menopausal women, 40-45 years; and post-menopausal women, 60-65 years) and men in the oldest age group. This was done to obtain maximum information from the investment of time and money. Participants filled out an extensive questionnaire on lifestyle, diseases, medication, and food frequency (9) , including intake of supplements (10) . A clinical investigation for goiter was performed, and weight, height, and blood pressure measured. Subsequently, thyroid ultrasonography was performed (11) , and spot urine and blood samples collected. Investigation took place in two centers at Aalborg and Bispebjerg Hospitals. A program of training and control of ultrasonography performance (11) , and evaluation of clinical investigation for goiter were used to coordinate centers.
To study the effect of the iodization program at the population level, a new cohort of women and men in the same age groups (C2, nZ3570) has been investigated in 2005. To evaluate the effect at the level of the individual member of society and to follow-up the thyroid abnormalities detected at the first cohort investigation, permission has been obtained to reinvestigate the C1 cohort in 2006/2007.
The second part of DanThyr is a register of new cases of overt hyper-and hypothyroidism in an open population cohort of more than 550 000 people living in the same two areas (Fig. 2) . The details on method of identification and verification of new patients, as well as the various studies performed to evaluate the method, have been published (12) . All results of thyroid function tests performed in the areas of the investigation are imported into the study database. The database runs a diagnostic algorithm and excludes the previously diagnosed cases. A list of possible new cases is produced, and the cases are verified by contacting the physician who requested the test. During selected periods of the study, the patients have been asked to come to the centers for a comprehensive investigation including subtyping of the disease. Data on the composition of the population in the study areas are obtained each year from the Danish Statistical Bureau.
The third part of DanThyr is a central register for surgical, medical, and radioiodine treatment of thyroid disease in Denmark. Data are extracted from several national databases on surgical activity and prescription of medication. This part of the program gives information on therapeutic activity, and allows estimation of the costs associated with therapy of thyroid disorders in Denmark (13) .
Independently, the Danish Institute for Food and Veterinary Research includes measurements of iodine in food in their program of monitoring nutrition contents of food in Denmark.
Iodine nutrition in Denmark before and after salt iodization
The participants (nZ4649) of the C1 cohort had iodine measured in a spot urine sample. Median urinary iodine concentration was 53 mg/l in participants from Aalborg, and 68 mg/l in Copenhagen (14) corresponding to the difference in ground water iodine content (5 mg/l in Aalborg, 20 mg/l in Copenhagen (7)). Some of the participants took iodine-containing vitamin and mineral supplements (14) . Participants who did not take iodine supplements had median urinary iodine concentrations of 45 (Aalborg) and 61 mg/l (Copenhagen). Thus, it was confirmed that participants from Copenhagen had mild iodine deficiency, and those from 
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Aalborg moderate iodine deficiency (2) . From the food frequency registration, it could be shown that even the subgroup with the highest intake of fish and dairy products (rich in iodine) had iodine deficiency if they lived in Aalborg (14) . Milk and milk products alone contributed about 44% of iodine intake, and iodine deficiency was more severe in the group with little intake of milk products. This group is expected to be covered by the present use of iodized salt.
Complete details on the effect of the present iodization of salt are awaiting the completion of measurements of iodine and analyses of data from the recently investigated C2 cohort. The Danish Institute for Food and Veterinary Research investigated the iodine content of bread and salt sold in Danish stores in 2002. This showed that the present legislation is followed; 97% of rye bread and 90% of other breads sold in Denmark were iodized. Using databases on food consumption in Denmark, it was calculated that iodine intake had increased to 62 mg/day (15).
Markers of iodine deficiency in the population
Studies of the C1 cohort have revealed a series of abnormalities that correlate to the degree of iodine deficiency. The most sensitive marker is an elevation of the concentration of thyroglobulin in serum (16) . However, many types of thyroid abnormalities may stimulate the thyroid release of thyroglobulin, and a high serum thyroglobulin cannot be used as a marker of iodine deficiency in an individual (17) . Figure 3 shows how iodine intake evaluated by various methods correlates to serum thyroglobulin in the population. Estimated 24 h urinary iodine excretion (18) was a good marker of low vs high iodine intake. A somewhat similar pattern was observed when serum thyroglobulin concentration was replaced by thyroid volume in these calculations (16) .
The results suggest that the estimated 24 h urinary iodine excretion as described in Fig. 3 is a convenient measure of the iodine status. In the entire DanThyr C1 cohort (including participants who took vitamin/ mineral supplements), the median 24-h iodine excretion estimated from the concentration of iodine and creatinine in a non-fasting urine sample and the known average 24-h creatinine excretion in people of similar age and sex (18) were 111 mg/day in Copenhagen (iodine concentration in urine 68 mg/l) and 74 mg/ day in Aalborg (iodine concentration in urine 53 mg/ 24 h) (14) . This illustrates that a rough measure of the median 24-h urinary iodine excretion (mg/24 h) in a group can be obtained by multiplying the median nonfasting day time spot urine iodine concentration (mg/l) by 1.5 (19) .
Thyroid enlargement, clinical goiter, and thyroid nodules
The study of the C1 cohort illustrated the high frequency of goiter in areas with mild to moderate iodine deficiency (Fig. 4) (20) . Goiter was more common in Aalborg than in Copenhagen. In the women, thyroid size and the prevalence of goiter increased with age up to the 40-45 year-old group, but not much thereafter. On the other hand, the prevalence of multiple thyroid nodules O1 cm increased with age from 15% in 40-45 year old women to 25-30% in women age 60-65 years. Around 10% of the elderly women had a solitary O1 cm thyroid nodule by ultrasonography.
Median thyroid volume was larger in the elderly men than in the women, but all thyroid abnormalities were considerably more common in the women. The problem of goiter when iodine intake is moderately low can be illustrated by the findings in the 60-65-year-old women in Aalborg (Fig. 4) as follows: 13% had previous goiter diagnosis, 33% had enlarged thyroid by ultrasonography (O18 ml), 24% had palpable goiter, and 6% had undergone goiter surgery (data on surgery not shown).
Environment and goiter
The C1 cohort study enabled identification and characterization of a number of environmental factors of importance for the development of goiter. As discussed and illustrated (Fig. 4) , the iodine intake level was very important. However, even after adjustment for differences in iodine intake, environment had major effects (Table 1) . Goiter was more common in smokers (21) and women with previous childbirths (22) . On the other hand, regular alcohol consumption (23) and current use of oral contraceptives (24) were associated with less prevalence.
In the C1 cohort, 115 women had a combined lowrisk profile (no smoking, no childbirths, regular alcohol consumption, and use of oral contraceptives), whereas 671 women had a combined high-risk profile. None of the 115 low-risk women had visible goiter in the study, and 4.3% had thyroid enlargement by ultrasonography. In the 671 high-risk women, 7.2% had visible goiter, and 32.9% enlarged thyroid by ultrasonography. The estimated odds raio for finding visible goiter in the high-risk group was 12 ( Table 1) .
The effects of smoking (21) and previous childbirths (22) were more pronounced in Aalborg with the lowest iodine intake, suggesting interaction between these factors and low iodine intake. Smoking may worsen iodine deficiency by thiocyanate inhibition of the sodium-iodide-symporter (25) , and pregnancy increases iodide demands for thyroid hormone production (26) . Alcohol intake and use of oral contraceptives affected goiter prevalence without interaction with iodine intake. Participants with a high alcohol intake had an odds ratio below 0.5, relative to alcohol abstainers for having thyroid enlargement or nodules No difference in effect was observed between consumption of beer and wine. This seemingly protective effect of alcohol is unexplained (23) .
The effect of oral contraceptives was considerable with a 50% reduction in the risk of goiter. We hypothesized that oral contraceptives may suppress endogenous synthesis of goitrogenic by-products of female sex hormone production (24) .
Goiter and thyroid nodules were more prevalent in participants with lower levels of education. This association was diminished markedly by adjustments for differences in smoking, alcohol consumption, and iodine intake (27) .
The studies illustrate the profound influence of environment on thyroid size and development of goiter. However, familial occurrence of goiter was associated with the presence of goiter in the DanThyr cohort (odds ratio 2.5; 95% confidence interval (CI), 1.6-3.9, relative to no familial occurrence of goiter) (27) . Even if underestimation of familial clustering of risk factors cannot be excluded, the genetic background seems to be important for the effect of a certain environment. The importance of genes is in accordance with Danish studies of twins (28) . The conclusion of the twin study was that genetic background is the dominant cause for . The groups of columns indicate from left to right: how frequently participants knew they had goiter, the prevalence of enlarged thyroid by ultrasonography (women O18 ml, men O25 ml), and the prevalence of palpable goiter by clinical examination. goiter in Denmark, which is not in accordance with results of our studies. Underestimation of the importance of environmental factors for development of common diseases has been a general phenomenon in studies of twins (29) . The discussion on genetic modification of environmental effects is complex. Genetic factors are difficult to change, but some of the important environmental factors identified in our studies are certainly modifiable.
Iodine intake and thyroid function in the population
In an iodine-replete population, like that of the US, serum TSH tends to increase with age (30) . A major factor responsible for this phenomenon seems to be a gradual thyroid failure in many people caused by autoimmunity. Accordingly, the prevalence rate of treated and untreated overt or subclinical hypothyroidism is high in such populations (30) . In the DanThyr C1 cohort, the pattern was different; serum TSH decreased with age. This decrease was more pronounced in Aalborg with the lowest level of iodine intake (Fig. 5) . The mechanism behind this fall seems to be responsible for the high frequency of the development of autonomous thyroid nodules with age, in people living in a low iodine intake area. When participants with any type of thyroid abnormality by ultrasonography were excluded from analysis, serum TSH did not decrease with age (8) .
In the C1 cohort study, 95% of participants (percentiles 2.5-97.5) with no known thyroid disease, no thyroid peroxidase antibodies in serum, and normal thyroid size and structure by ultrasonography had serum TSH between 0.4 and 3.6 mU/l (8). Many participants with abnormal thyroid gland or antibodies in serum had serum TSH outside this range and the prevalence increased with age. Among the participants never treated for thyroid disease, but otherwise not selected (nZ4360), the prevalence of low TSH among 60-65 year-old women and men in Aalborg (moderate iodine deficiency) was 11.1/7.2%, and in Copenhagen (mild iodine deficiency), it was 8.3/4.0%. On the other hand, the prevalence of elevated TSH as a sign of some thyroid failure was: Aalborg 8.2/2.1% and Copenhagen 9.1/2.7%. Accordingly, 15-20% of the post-menopausal women and 5-10% of the men had abnormal serum TSH. In Aalborg, more people had low rather than high serum TSH, but both abnormalities were common. The majority of participants with abnormal TSH had serumfree thyroxine (T 4 ) and free tri-iodothyronine (T 3 ) within the reference ranges (8) .
Thyroid function and overweight in the population
It is much debated whether small abnormalities in thyroid function are of clinical importance and should be treated. In contrast, there is consensus that overweight is in general not caused by some metabolic abnormality, but by excess energy intake relative to energy expenditure. Resting energy expenditure is rather sensitive to small alterations in thyroid function (31) . Resting energy expenditure is the dominant type of energy expenditure constituting approximately 60% (40-80%) of total energy expenditure, depending on the activity level of the individual.
In the DanThyr C1 cohort, even small differences in serum TSH within the reference range were associated with differences in body mass index (BMI) (Fig. 6) (32) . The difference in average body weight between the group with slightly elevated TSH (median 4.5 mU/l) and slightly low TSH (median 0.28 mU/l) (all had normal free T 4 and free T 3 ) was 5.5 kg, and the group with elevated TSH was on average 4.0 kg heavier than the group with a TSH of 1-1.99 mU/l. Serum-free T 4 showed a negative association with BMI, which demonstrates that the elevated TSH is caused by thyroid failure and not by a central effect such as leptin stimulation of hypothalamic thyrotropin-releasing hormone secretion. The findings, which have been confirmed in a Norwegian population study (33) illustrate that even small differences in thyroid function in a population may have clearly detectable effects on other variables in the population. Recently, an association has been detected between small differences in thyroid function and blood pressure in the C1 cohort (34) .
Thyroid antibodies and thyroid function in the population
Thyroid autoimmunity is common in all populations with some differences in prevalence associated with genetic background (30) . In the DanThyr C1 cohort, thyroid peroxidase autoantibodies (TPO-Ab) and thyroglobulin autoantibodies (Tg-Ab) were measured with sensitive and specific methods (35) . The overall prevalence of one or both antibodies was 18.8%. The prevalence rates of the two antibodies were similar (TPO-Ab/Tg-Ab: 13.1/13.0%). Antibodies were more common in women than in men, and in the women, the prevalence increased with age (35) . The prevalence rates of thyroid antibodies measured by other assays in National Health and Nutrition Examination Survey III were TPO-Ab, 13.0% and Tg-Ab, 11.5% (30) . The distribution of the two antibodies was similar in many ways (35) . This may suggest that the generation of one or the other antibody in an individual is more or less by chance. However, the functional consequence of harboring one or the other antibody is very different (Fig. 7) . The frequency of impaired thyroid function with an elevated serum TSH increased dramatically with the amount of TPO-Ab in serum (36) . There was an additional association between an elevated TSH and the level of Tg-Ab, but this was much less (Fig. 7) . In the cohort, there was an association between elevated serum TSH, the presence of TPO-Ab, and large thyroid volume (36) . In the clinic, this is the picture of a patient with Hashimoto's goitrous thyroiditis and subclinical hypothyroidism.
We found no association between thyroid autoantibodies and parity, which argues against microchimerism as a trigger of thyroid autoimmunity (37) . Interestingly, use of hormone-replacement therapy by post-menopausal women was associated with a low prevalence of Tg-Ab (37).
In the cohort, there was a moderate association between hypoechogenicity by thyroid ultrasonography, impaired thyroid function and the presence of TPO-Ab (38) . The forthcoming follow-up study of the C1 cohort will show the importance of the different markers for future development of overt thyroid disease.
Iodine intake and the incidence of overt hyper-and hypothyroidism
The DanThyr register of overt hypo-and hyperthyroidism revealed considerable differences in incidences of hyper-and hypothyroidism between the two study areas (39) . Hyperthyroidism was more common in Aalborg and hypothyroidism in Copenhagen. Hyperthyroidism was in general more common than hypothyroidism. This pattern was observed in both men and women, and in different age groups (Fig. 8) . The pattern in Aalborg is similar to previous findings in another part of Jutland (40) , and the differences between Aalborg and Copenhagen are qualitatively similar to the previously observed differences between Jutland with a low iodine intake and Iceland with a much higher iodine intake (41) .
Probably, the high incidence of hyperthyroidism is caused by a high incidence of multi-nodular toxic goiter hypothyroidism before mandatory salt iodization were published (Table 2 ) (42). The difference in the incidence of hypothyroidism between areas is entirely caused by a difference in incidence of spontaneous hypothyroidism, which is presumably caused by autoimmune destruction of the thyroid gland. The findings suggest that an increase in iodine intake of a population may, over time, lead to fewer cases of hyperthyroidism, whereas there may be more cases of autoimmune hypothyroidismeven when iodine intake is changed from deficient to adequate. The mechanism behind an iodine-induced increase in the incidence of hypothyroidism is unknown, but several mechanisms could be involved. Iodine has been associated with thyroid autoimmunity (43) , and it has a number of autoregulatory inhibitory effects on thyroid hormone production and secretion (44) . Moreover, excess iodine may lead to apoptosis of thyroid follicular cells as studied in in vitro systems (45) .
Central register for surgical and medical treatment
Data from a number of central registers have been used to compare the use of antithyroid drugs, levothyroxine, number of patients treated with radioiodine, and number of thyroid operations in areas of Denmark with different iodine intake levels. Before iodine fortification of salt, the use of antithyroid drugs was 60% higher in the west than in the east part of Denmark, 20% more people were treated with radioiodide, and thyroid surgery was 25% more common (13) . This corresponds to the higher incidence of hyperthyroidism and high prevalence of goiter in Jutland with the lowest iodine intake.
From 1999 to 2003, the quantity of antithyroid drugs sold increased 42% in North Jutland and the number of patients treated increased 32% (from 6.5 to 8.6/1000). Little change occurred in Copenhagen; the quantity of drugs sold was unaltered, and the number of patients treated increased from 2.9 to 3.0/1000 per year (46) . This difference corresponds to the more severe increase in incidence of hyperthyroidism in Aalborg than in Copenhagen after iodide fortification of salt (47) .
Effect of the salt iodization program on iodine intake and thyroid diseases in Denmark
As described above, much of the data analyses so far have been devoted to the description of the conditions during mild and moderate iodine deficiency in the two study areas. Collection and analyses of data after iodization of salt have just begun. Studies on food indicate that Hyper Hypo CPH AAL Figure 8 Incidences of overt hyper-and hypothyroidism in Copenhagen (CPH) with mild iodine deficiency, and in Aalborg (AAL) with moderate iodine deficiency. The upper panel shows values for women and men, and the lower panel for different age groups. The incidence of overt hyperthyroidism (hyper) was significantly higher in Aalborg, whereas the incidence of overt hypothyroidism (hypo) was significantly higher in Copenhagen. Both disorders were more common in women than in men, and the incidences increased with age. Data from Bülow Pedersen et al.
.
legislation works as planned (15) , and urinary iodine data from the cohort investigated in 2005 (C2) will become available in 2006. In addition, C2 data on thyroid size and structure as well as thyroglobulin in serum will be available for comparison with the C1 cohort investigated before iodization of salt. Data on serum TSH, T 4 , and T 3 will show if the iodization program has changed thyroid function in the population, and data on thyroid antibodies in serum if iodization has affected thyroid autoimmunity in the population. Incidences of overt hyperthyroidism were expected to increase transiently after the increase in iodine intake (48) . Such an increase should presumably be caused by hyperthyroidism in elderly subjects harboring autonomous thyroid nodules in a goiter. We have observed a 50% increase in the incidence of hyperthyroidism in Aalborg and a somewhat smaller increase in Copenhagen (47) . Unexpectedly, this increase has predominantly occurred in young subjects, where Graves' disease is the dominant cause of hyperthyroidism. It may suggest a change in disease pattern from multi-nodular toxic goiter in the elderly towards Graves' disease in the young. Such a pattern is found in Iceland with a relatively high iodine intake (41).
Large differences have been observed between the occurrence of hypothyroidism in different countries (49) . It is at present unclear if this is caused by genetic or environmental differences. Hypothyroidism is relatively rare in Denmark compared with some other countries (49) and it is our hope that the present cautious and monitored program of salt iodization will not alter this state. So far, no major changes have been observed.
Conclusion
The DanThyr, which monitors the Danish iodine fortification program, has given considerable information on the importance of small systematic differences in iodine intake for the occurrence of thyroid diseases in a population. It has shown that not only iodine intake, but also a number of other environmental factors alter the risk of thyroid disease. Some factors seem to act via interaction with iodine intake, whereas others are independent of iodine. Information on risk factors is useful for the guidance of individual patients, and it gives a basis for studying pathogenic mechanisms. DanThyr has verified the high occurrence of multi-nodular thyroid disease and hyperthyroidism in low intake areas. The program will allow a comprehensive description of the changes occurring in thyroid diseases in a population when the iodine intake is increased to a recommended level from being insufficient. Such knowledge may be of value for optimizing the iodine fortification program in Denmark and elsewhere. Moreover, it may show whether more control is needed with the use of iodine-containing substances in farming, food industry, and elsewhere.
